Abstract. The carbohydrates of forages, their digestibility, the relationship between composition and the development stage in grasses and legumes, and the dependence of nutritive value on composition are examined.
cellular carbohydrates and the structural or cell-wall carbohydrates. The division is an apt one in regard to nutrition physiology, since animals are able to digest the substances of the first category with the aid of their own enzymes, but those of the second only with the aid of microbes.
The cellular carbohydrates are: a) Monosaccharides (glucose and fructose), b) Sucrose, c) Oligosaccharides, which occur in forages only in very small amounts, d) Fructosans, water-soluble polysaccharides, which are common in grasses but are not found in legumes, e) Starch, which occurs in forages only in traces or not at all.
The structural carbohydrates are hemicellulose and cellulose. Hemicellulose, a collective term for the non-cellulose structural polysaccharides, is composed of various polysaccharides differing in composition and digestibility. In general, hemicellulose is more susceptible to acid and alkali hydrolysis than cellulose. The main components of hemicellulose are xylose in grasses and uronic acids in clovers. Other consituents are arabinose, galactose and glucose. According to the main component one speaks of xylans, arabans, etc. though monosaccharides seldom form pure polymers.
Hemicellulose is digested better than cellulose, except for xylans, which are the least digestible polysaccharides in forages. Hence it would be desirable to analyse forages also for xylans. No simple method is known, however.
The term pectin is used in defining the fraction of hemicellulose that is soluble in a slightly acidic solution and is precipitated from it by ethanol. The components are galacturonic acid, arabinose, glactose and glucose. The amount of pectin in forages is fairly low.
Lignin, an aromatic substance, is commonly determined along with the structural carbohydrates. It occurs in cell-walls together with polysaccharides and is very poorly or not at all digestible. As the plant ages, the content of both lignin and xylan increases, thus decreasing the digestibility of forages. The digestibility of grasses is also thought to be lowered by the presence of silica.
Relationship between composition and the development stage in grasses and legumes
The composition and consequent nutritive value of forages depends primarily on the growth stage. Other important factors are the plant species, climatic conditions and application of fertilizers. Figure 1 shows the changes in the composition of timothy and red clover as the plant develops from the leaf stage to the flowering and straw stages. The values shown are for the latitude of Helsinki, and are rounded-off averages. It may be noted that the sugar fructosan content, in particular, varies greatly with climate.
The xylan and lignin content of timothy nearly doubles as the plant develops from the leaf stage to the flowering stage, and thus the proportion of xylan in hemicellulose is increased still further. The content of cellulose does not rise as sharply. At the same time the protein content decreases markedly, while the percentages of the other cellular substances remain virtually unchanged. An almost total absence of cellular content and a high percentage of lignin chalacterize grasses at the straw stage.
The composition of red clover differs significantly from that of grasses.
Fructosans are absent and the content of water-soluble caibohydrates is therefore fairly low. On the other hand, the percentage of plant acids mainly malic and glycerolic acids is more than double that of grasses. In both species the acids occur primarily as salts. The hemicellulose of clovers differs greatly in composition from that of grasses: nearly half of it consists of uronic acids and the amount of xylans is low. Consequently, the hemicellulose of clover is more digestible than that of grasses. Furthermore, the content of cellulose is half that of grasses, while that of lignin is equal in the twc species.
Dependence of nutritive value on composition
The energy value of forages depends on the utilization rate and the voluntary intake by animals. The net energy value of feeds is well illustrated by the digestibility coefficient. Because the determination of digestibility in vivo is complicated, various laboratory methods have been developed to take the place of in vivo trials. At present the in vitro method the incubation of samples in the rumen fluid is considered the best way of predicting the digestibility. The cellulase method is a simplified and standardized variation of it, where a commercial enzyme preparate is used instead of rumen fluid. The results of this simplified method are also found to correlate well with in vivo results, although the digestive effect of the enzyme preparates is not as good as that of the rumen fluid. The common in vitro method is, however, better established and therefore more reliable.
Of the chemical entities, the digestibility is best predicted by the amount of lignin although not as well as by the two biological methods mentioned above.
Moreover, the determination of lignin is laborious and different variations of the method do not give the same results. Various fibre complexes crude fibre, neutral detergent fibre (NDF), and acid detergent fibre (ADF) are poorer than lignin as parameters of digestibility, although better than cellulose and hemicellulose. The percentages of various cellular substances, on the other hand, vary so much that they cannot be used in predicting the digestibility.
When the material is homogenous there may be a good correlation between the crude protein content and the digestibility.
The high nutritive value of the feed implies further that the voluntary intake is copious. The voluntary intake is determined to a great extent by the digestibility, but the bulk factor is also of some significance. Thus the voluntary intake of clovers is known to exceed that of grasses, though the digestibility is the same. This difference has been explained by the faster digestibility of the cell-wall polysaccharides of the clovers in the rumen, and hence the smaller bulkiness. As Figure 1 shows, the cell-wall compositions of these two plant species are very different.
Probably the cow also appreciates the texture and taste of the feed. The clover is softer than grasses, because it contains hardly any of the silica that makes the leaves of grasses coarse. The sugar, in turn, makes the feed palatable, and fresh forages up to the flowering stage contain plenty of sugars. In sugar content the clovers take second place to the grasses, but at the same time they have a very high content of plant acids, which also may increase the palatability.
